Background Knowledge about treatment status can influence effects measured in trials when subjective scales are used. Objective The aim of this study was to compare subjective outcomes with objective outcomes of conventional and atypical antipsychotics for neuropsychiatric symptoms (NPS) in dementia. Methods We performed a meta-epidemiological study of 38 randomized, placebo-controlled trials. For effectiveness, we used change in NPS and response rate as subjective outcomes, while overall dropout and additional psychotropic use were used as objective outcomes. For side effects, extrapyramidal symptoms (EPS) and somnolence were used as subjective outcomes, while dropout due to adverse events, medication use for EPS, and participants falling were used as objective outcomes. Results Conventional antipsychotics reduced NPS more than placebo (standardized mean difference [SMD] − 0.36, 95% confidence interval [CI] − 0.49 to − 0.23), as did atypical antipsychotics (SMD − 0.14, 95% CI − 0.19 to − 0.08). Response rates in the drug groups were also higher. Overall dropout did not differ between conventional antipsychotics and placebo (odds ratio [OR] 1.03, 95% CI 0.77-1.37) or atypical antipsychotics and placebo (OR 1.01, 95% CI 0.89-1.14). Furthermore, additional psychotropic use did not differ. The risk of EPS was higher for conventional (OR 2.93, 95% CI 2.04-4.22) and atypical antipsychotics (OR 1.52, 95% CI 1.23-1.88) versus placebo, as was the risk of somnolence and dropout due to adverse events, but medication use for EPS, as well as risk of falls, was not. Conclusions The effectiveness of antipsychotics for NPS in dementia based on subjective scales was not confirmed using objective outcomes, in contrast to the increased risk of side effects.
Introduction
Doctors often prescribe antipsychotics to treat neuropsychiatric symptoms (NPS) in patients with dementia [1, 2] . The prevalence of NPS is 70-90% in institutionalized patients with dementia [3, 4] , with the most common symptoms being aggression, agitation and apathy [5] . NPS have a great impact on the quality of life of patients, informal caregivers and health professionals [6, 7] . More than 60% of patients with NPS use psychotropic drugs, and antipsychotics account for almost two-thirds of this use [8, 9] .
Knowledge about treatment status can influence the measurement of efficacy and side effects when they are established using subjective rating scales [10] . Such measurement error can bias the trial results (information bias, observer bias) as efficacy might be overestimated, and the risk of side effects underestimated [11] .
Trials use placebo tablets to blind participants, caregivers and assessors for treatment status to avoid measurement error [12] ; however, this way of blinding is not always successful. Treatment status can sometimes be guessed, for instance if the active drug has specific side effects [13] . A systematic review about blinding in randomized controlled trials (RCTs) among psychiatric patients showed that patients in the active treatment group more often correctly guessed the treatment status than the patient receiving placebo [10] . This also applied to the investigators. In particular, a trial comparing alprazolam with placebo in patients with anxiety disorders showed that side effects were associated with correctly guessing treatment status [14] .
Likewise, in a study about the effects of caffeine on cognitive performance, false positive feedback about performance made patients believe they received caffeine pills instead of the placebo they actually received [15] . These patients had faster reaction times than patients who did not get feedback and believed they had received placebo [15] . It is possible that the effect of antipsychotics on NPS in dementia is systematically overestimated due to partial unblinding by the specific side effects of antipsychotics, such as extrapyramidal symptoms (EPS).
If treatment efficacy and side effects can be over-or underestimated due to measurement error, objective outcomes may provide more valid results. Examples of objective outcome measures are the use of rescue medication, and medication for side effects. In addition, overall dropout is an objective measure of effectiveness in terms of the balance between efficacy and acceptability [16] . For instance, meta-analyses of trials comparing paroxetine against placebo for major depression have shown a statistically significant effect on depressive symptoms, but the proportion of patients who discontinued treatment for any reason was not different between the groups [16] .
In trials about antipsychotics for NPS in dementia, more objective outcome measures for efficacy and side effects are available, which may be established with less measurement error. Examples are dropout for any reason, dropout due to adverse events, and use of additional psychotropic medication, rescue medication, or medication to treat EPS. The aim of our study was to assess the effectiveness and side effects of antipsychotics in randomized placebo-controlled trials for NPS in patients with dementia using subjective and objective outcome measures.
Methods

Search Strategy and Study Selection
We made a list of antipsychotics (conventional and atypical) from the websites of the World Health Organization, US Food and Drug Administration (FDA) and Wikipedia to enable this search [17] [18] [19] . To identify trials, we used three sources. First, two authors (TAH, HJL) searched the Pubmed, Cinahl, EMBASE and Cochrane Library electronic databases using the following keywords: 'generic name of atypical/conventional antipsychotic' and trial and dementia. We restricted the keywords related to drug name to title and abstract. Second, we searched the references of published systematic reviews by hand. We identified these meta-analyses using the abovementioned electronic databases. Third, we looked for RCTs in trial registration websites using the same keywords if possible; otherwise, we only used the term 'dementia'. Lastly, we searched the European Medicines Agency (EMA) and FDA websites for eligible trials. For a previous project, we were also able to search for atypical antipsychotic trials in the Dutch Medicines Evaluation Board databases. Titles and abstracts of potential eligible studies were retrieved from Pubmed, with the last search being run in June 2019.
Randomized, placebo-controlled trials that investigated the efficacy of orally administered conventional or atypical antipsychotics in patients with NPS and dementia were included, while studies with more than one drug in an intervention arm were excluded. There were no restrictions with respect to dosage, flexible or fixed dosing of the active treatment, trial duration, publication date and language. Two authors (TAH, HJL) determined definitive eligibility.
Data Extraction
Two authors (EJV, TAH) independently extracted data on study characteristics and outcomes. Disagreements were resolved by discussion and consensus with the third author (HJL). We extracted general study characteristics, including setting, type of dementia, type of NPS (agitation, psychosis, or diverse NPS), type of antipsychotic treatment (conventional or atypical), and the total number of randomized patients in the treatment groups.
As subjective measures of effectiveness, we extracted the mean change in symptoms from baseline to the end of the trial (or endpoint if not available). Changes on symptom scales were extracted for the specific indication for which the antipsychotic was tested in the trial. For instance, if the trial enrolled patients with psychosis, the extracted results were specific for psychosis, such as the psychosis subscale of the Neuropsychiatric Inventory (NPI). The standard deviation (SD) of the difference was either extracted or calculated using the p-value, t-value or confidence interval (CI) [20] . We also extracted the number of patients with a clinically relevant improvement on the subjective symptom scales (as defined by the authors) or the number of patients with any improvement on clinical rating scales. Response rates as measured using both types of scales were combined [16] . As an objective measure of effectiveness, we extracted the number of patients who received new additional psychotropic medication, including rescue medication, during the study. The number of patients who dropped out due to any reason was used as an objective measure of acceptability [21] .
In our review of side effects, we focused on EPS and somnolence because these are prevalent and severe side effects of antipsychotics. In most studies, EPS was measured using a specific rating scale, e.g. the Simpson-Angus scale. Somnolence, also called sedation or drowsiness, was measured using a specific rating scale, such as the visual analogue sedation scale, or spontaneous reports. We extracted the number of patients with EPS and somnolence, measured using these subjective measurement instruments. As an objective measure of side effects, we extracted the number of patients who dropped out due to adverse events, and who used medication for EPS. Although the level of EPS and the use of medication for EPS are related, the distinction between these outcomes is the degree to which their measurement is sensitive to error. EPS can be rated as more or less severe than they really are, whereas the use of medication for EPS is a verifiable fact. In addition, at the request of a reviewer, we extracted the number of participants who had fallen during the study because it is an objectively measurable outcome and a potential consequence of EPS and somnolence.
When multiple intervention groups with various dosages of a drug were tested in a trial, we calculated an average of the combined groups for all outcomes. The protocol and data extraction form can be obtained from the corresponding author.
Data Analysis
First, we calculated the pooled effectiveness of antipsychotics for NPS in dementia in terms of the standardized mean difference (SMD). SMDs were calculated with a 95% CI. Second, we calculated an odds ratio (OR), with a 95% CI, for all other outcome measures of effectiveness and side effects. We used fixed-effect models if heterogeneity (presented as I 2 ) was lower than 40% and the p value was > 0.05 for the Chi-square test; otherwise, we used random-effect models.
We performed the meta-analyses separately for conventional and atypical antipsychotics because effectiveness and the risk of side effects are assumed to differ between these groups. Hence, all comparisons of a conventional drug versus placebo were pooled, as were all comparisons of an atypical drug versus placebo. Therefore, the placebo group from a trial that tested both types of antipsychotics was used in both meta-analyses. To assess whether the pooled effects of conventional and atypical antipsychotics differed significantly, we used the standard error (SE) of the difference of the pooled SMD and OR between treatment groups to calculate z using the Z-formula, and then p.
Results
Study Characteristics
We identified 2768 hits using our search criteria, with 65 studies seeming to be potentially eligible. Twenty studies were excluded for various reasons, such as only including patients with Lewy body dementia, study medication was not orally administered, or the trial did not use a placebo group [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . We identified 45 eligible studies, but five studies did not provide data regarding any of the outcomes of interest and could not be used in our meta-analyses [42, 43 and NCT02168920, NCT00041678, NCT00036114], and two were ongoing [NCT03548584, NCT03620981]. The remaining 38 trials with 7726 participants were included in our analyses [21, . Figure 1 shows the results of our search. Table 1 shows the study characteristics of the included studies. The majority of studies investigated haloperidol (8 trials) [55, 71-73, 75, 77-79] , risperidone (10 trials) [21, 48-50, 53, 56, 57, 60, 61, 71] , quetiapine (5 trials) [21, 59, 63, 64, 73] or olanzapine (7 trials) [21, 47, 51-53, 58, 60] with placebo. Three studies tested both a conventional antipsychotic and an atypical antipsychotic versus placebo [71] [72] [73] . Of the 38 studies, 12 had psychosis as an indication [44, 49, 55, 57, 58, 60-62, 65, 69, 73, 80] , 11 had agitation [53, 56, 59, 63, 67, 70, 72, 76, 77, 79] , 14 had diverse NPS [21, 45-48, 50-52, 64, 66, 71, 74, 75, 78] and one study did not report the type of NPS [54] . Twenty-four studies were performed in patients living in nursing homes [45, 46, 48-51, 56, 58-63, 65, 67-74, 76] , seven in hospitals [44, 55, 58, 66, 72, 75, 79] , seven as outpatients [21, 60, 67, 70, 77, 78, 80] and six studies did not report the setting [47, 52-54, 57, 64] .
Subjective measures of effectiveness were reported more frequently than objective measures ( Table 2 ). In particular, the use of additional medication for NPS, use of medication for EPS, and number of participants with falls were poorly reported. As a result, some of the meta-analyses yielded large CIs.
Effectiveness
Conventional antipsychotics had a statistically significant but small effect on the reduction of NPS in dementia: SMD − 0.36 (95% CI − 0.49 to − 0.23). The response rate was also significantly higher in the conventional antipsychotics group than in the placebo group (OR 1.82; 95% CI 1.39-2.38). However, there was no statistically significant effect of conventional antipsychotics on NPS in dementia compared with placebo when measured using objective outcome measures. The risk of the use of additional psychotropic medication was numerically lower but not statistically significant in the conventional antipsychotic versus placebo groups (OR 0.82, 95% CI 0.55-1.22). Furthermore, overall dropout did not differ between conventional antipsychotics and placebo (OR 1.03, 95% CI 0.77-1.37).
For atypical antipsychotics, there was a statistically significant but clinically negligible decrease of NPS in dementia compared with placebo: SMD − 0.14 (95% CI − 0.19 to − 0.08). However, the response rate was significantly higher in the atypical antipsychotics group than in the placebo group (OR 1.53; 95% CI 1.32-1.76). Again, there was also no effect of atypical antipsychotics on NPS in dementia compared with placebo when measured using objective outcome measures. Additionally, the risk of the use of additional psychotropic medication was numerically lower but not statistically significant compared with placebo (OR 0.87, 95% CI 0.73-1.03). Overall dropout did not differ between the atypical antipsychotics and placebo groups (OR 1.01, 95% CI 0.89-1.14).
As reported above, both conventional and atypical antipsychotics had an effect on NPS in dementia when measured subjectively. We tested whether these effects differed statistically. Conventional antipsychotics reduced NPS more than atypical antipsychotics compared with placebo (SMD − 0.36 vs. − 0.14; p < 0.001), but the response rates did not differ statistically (OR 1.82 versus 1.53; p = 0.267). There was no statistical difference between conventional and atypical antipsychotics when measured using the objective outcome measures of overall dropout (OR 1.03 vs. 1.01; p = 0.897) or use of additional psychotropic medication (OR 0.82 vs. 0.87; p = 0.803).
Side Effects
When measured using subjective scales for EPS, conventional antipsychotics were associated with significantly more EPS than placebo ( In the atypical antipsychotics group, the risk of EPS was significantly higher compared with placebo (OR 1.51, 95% CI 1.25-1.82), and somnolence also occurred significantly more often in the atypical antipsychotics group than in the placebo group (OR 2.69, 95% CI 1.99-3.62). When measured using objective outcome measures for side effects, the risk of dropout due to adverse events was also significantly higher with atypical antipsychotics than with placebo (OR 1.51, 95% CI 1.25-1.83). The risk of using medication for EPS did not differ between the atypical antipsychotics and placebo groups (OR 0.95, 95% CI 0.55-1.62), and nor did the risk of falls (OR 0.99, 95% CI 0.80-1.22).
We also tested whether the risk of side effects differed between conventional and atypical antipsychotics versus placebo. The risk of EPS was higher in the conventional antipsychotics group than in the atypical antipsychotics group versus placebo (OR 2.93 vs. 1.52; p = 0.002), but the risk of somnolence was not (OR 4.07 vs. 2.69; p = 0.347). There was no statistically significant difference between conventional and atypical antipsychotics when measured using the objective outcome measures of dropout due to adverse events (OR 1.78 versus 1.51; p = 0.569), the use of medication for EPS (OR 1.67 vs. 0.95; p = 0.312), or risk of falls (OR 1.02 vs. 0.99; p = 0.920).
Three placebo-controlled studies tested both the new-generation atypical antipsychotics and haloperidol, the standard (conventional) drug at the time, against placebo [69] [70] [71] . In a post hoc sensitivity analysis without these studies, the risk of dropout due to adverse events was no longer statistically significantly increased for conventional antipsychotics versus placebo. In addition, the response rate and risk of somnolence for these drugs became close to those of atypical drugs versus placebo. All other results did not change substantially, or could not be reliably interpreted due to too few studies.
Discussion
We performed a meta-epidemiological study of 38 trials testing conventional and atypical antipsychotics for NPS in dementia. Antipsychotics were effective when measured using subjective measures, but not when using objective measures. Likewise, conventional antipsychotics were more effective than atypical antipsychotics when measured subjectively, but this difference did not hold when measured objectively. For both drug groups, EPS and somnolence occurred more often in the antipsychotic groups than in the placebo group when measured using subjective scales, as did dropout due to adverse events, which can be measured objectively. The use of medication for EPS seemed to be higher for conventional antipsychotics but not for atypical antipsychotics, but power was too low to yield definitive estimates. The risk of falls was not increased for either type of antipsychotic.
Subjective Versus Objective Measures
We found that subjective measures of effectiveness suggested that conventional antipsychotics had a small effect on NPS in dementia, and atypical antipsychotics had a very small (negligible) effect. If these were unbiased estimates of the true effects, we would have expected them to be confirmed using estimates based on objective measures. However, according to the outcomes of overall dropout and use of additional psychotropic medication, antipsychotics were not effective for NPS in dementia. Prior meta-analyses also found that although conventional and atypical antipsychotics decreased subjectively measured symptoms, dropout rates did not differ between the treatment and placebo groups [81] [82] [83] . Despite the latter finding, the conclusions of these meta-analyses were that antipsychotics were efficacious for NPS in dementia.
There are a number of explanations for the difference in findings based on subjective and objective measures of effectiveness of antipsychotics for NPS in dementia. First, biased outcome reporting, i.e. systematic measurement error, can occur when patients or caregivers can guess which treatment they receive despite blinding [10] . Patients and caregivers might also be more willing to complete the trial if they or staff believe the patient to be in the treatment group [15] . Likewise, staff might be more tended to motivate patients and caregivers when patients are thought to receive active treatment. In case of antipsychotics, typical side effects such as EPS can give away treatment status and lead to these effects. It is also possible that, apart from bias, antipsychotics are efficacious, especially in patients with side effects because benefits and harms stem from the same neurotransmitter inhibition, or, in the case of somnolence, the reduction of NPS is the direct effect of the side effect.
We found that EPS and somnolence occurred more often in the conventional and atypical antipsychotics groups compared with placebo, as assessed using subjective measures. These findings correspond with those of prior meta-analyses [81] [82] [83] [84] [85] [86] . In addition, the risk of EPS was higher for conventional antipsychotics than atypical antipsychotics compared with placebo, which also corresponds with prior meta-analytic findings [87, 88] . Part of this finding might be explained by higher doses of haloperidol used in older haloperidol trials.
Remarkably though, dropout due to adverse events did not differ statistically between conventional and atypical antipsychotics in our study. It is likely EPS and somnolence were not the only adverse events leading to dropout.
Other less prevalent side effects or serious adverse events might have played a role. For example, meta-analyses of trials have shown that atypical antipsychotics had an increased risk of death in patients with dementia, but conventional antipsychotics did not [89, 90] . Atypical antipsychotics also increased the risk of cerebrovascular accidents in trials among patients with Alzheimer's disease [84] . In addition, although dropout is an objective measure, knowledge of the treatment can also influence dropout, but probably much less than the usual subjectively measured outcomes.
In addition, the use of medication for EPS was not statistically significantly increased for conventional and atypical antipsychotics versus placebo. However, lack of power is a problem in both comparisons, with only 2 of 16 trials about conventional antipsychotics and 3 of 31 trials about atypical antipsychotics reporting this outcome. In addition, the use of medicines for EPS will not cover all patients who develop EPS because physicians might rather discontinue treatment or lower the antipsychotic dose. Possible selective reporting, with studies reporting these outcomes having more favorable results, renders a correct interpretation of our finding even more difficult.
Finally, the risk of falls was not increased for either type of antipsychotic, even though the risks of EPS and somnolence, which can lead to falls, were. Possibly, antipsychotic use might especially increase the rate of falls, but the mean number of falls per participant was not reported in the studies. In addition, none of the trials identified falls as an outcome a priori, therefore it is not clear whether falls had been recorded systematically, if at all.
Strengths and Limitations
As far as we know, this is the first meta-analysis that investigated the effects of antipsychotics for NPS in dementia using subjective and objective outcome measures. In addition, we performed a broad search covering unpublished data, which resulted in the inclusion of a relatively large number of trials compared with prior reviews.
Unfortunately, most of the older trials that we included, namely the studies testing conventional antipsychotics, did not report all the variables we were interested in. In particular, the objective outcome measures of use of additional psychotropic medication, use of medication for EPS, and falls were often missing. If this was the result of selective reporting, the risk of side effects might have been underestimated in our analyses using these measures. In addition, due to the lack of data, reliability of some of the pooled effects was low.
Conclusions
The effectiveness of antipsychotics for NPS in dementia based on commonly used subjective scales could not be confirmed using objective measures. Subjective measures of side effects suggested that conventional antipsychotics had a higher risk than atypical antipsychotics, but objective measures did not. Therefore, future trials and reviews regarding psychotropic medication for NPS in dementia need to address potential information bias by regularly including objective measures. Guidelines need to base recommendations on the effects established, preferably using objective outcome measures.
